Abstract-The boundary control problems associated to a semilinear elliptic equation defined in a curved domain Ω are considered. The Dirichlet and Neumann cases are analyzed. To deal with the numerical analysis of these problems, the approximation of Ω by an appropriate domain Ω h (typically polygonal) is required. Here, we do not consider the numerical approximation of the control problems. Instead of it, we formulate the corresponding infinite dimensional control problems in Ω h and we study the influence of the replacement of Ω by Ω h on the solutions of the control problems. Our goal is to compare the optimal controls defined on Γ = ∂Ω with those defined on Γ h = ∂Ω h and to derive some error estimates. The use of a convenient parametrization of the boundary is needed for such estimates. The results for convex domains are given in [1], the results for nonconvex domains are included in a work in progress.
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We study boundary control problems defined on a curved domain Ω. We start with the Neumann problem (NP) and consider the Dirichlet problem (DP) afterward. To numerically solve these problems, usually it is convenient to approximate Ω by a polygonal domain Ω h , e.g., if finite elements are used for computations. Our goal is to analyze the effect of the domain change on the optimal controls. More precisely, two new optimal control problems (NP h ) and (DP h ) in Ω h are defined. The convergence of global or local solutions of problems (NP h ) and (DP h ) to the corresponding local or global solutions of (NP) and (DP), respectively, is investigated for the limit passage h → 0. The error estimates for the difference of optimal controls obtained for both problems in an appropriate norm are derived in a function of the parameter h. First, we restrict ourselves to the case of a convex domain Ω ⊂ R 2 approximated by a polygonal domain Ω h ; h is the maximal length of the edges of Ω h . A family of infinite dimensional control problems (NP h ) and (DP h ) defined in Ω h is considered, and the solutions of (NP h ) and (DP h ) are compared with the solutions of (NP) and (DP), respectively. In this way, the influence of small changes in the domain on the solutions of the control problems is analyzed.
The numerical computation of the solution of (NP) and (DP) requires the discretization of the respective state equations, typically by using finite elements. If Ω is a polygonal domain, then it is covered by the union of the triangles of the mesh, and Γ remains invariable. Then problems (NP) and (DP) are approximated by some discrete problems, and it is possible to estimate the differences ū −ū h L 2 (Γ) between the different solutions of (NP) and (DP) and the corresponding discrete approximations; see [2] or [4] for the Neumann case and [3] for the Dirichlet case. In the problems that we are considering here, the situation is more complicated because the numerical analysis with finite elements requires the approximation of Ω by a new (typically polygonal) domain Ω h , so that the comparison between the solutionsū andū h is more involved
, where Γ h is the boundary of Ω h . This difficulty can be overcome by using convenient parametrizations of Γ and Γ h , but there are still some technical difficulties for the error analysis. In this paper we do not consider the numerical approximations of (NP) or (DP); we just analyze what happens if Ω is approximated by a polygonal domain Ω h , and (NP) and (DP) are transformed into two new infinite dimensional control problem (NP h ) and (DP h ).
In [1] we prove that the order of the approximation for the Neumann control problem is h 5/3 . This order has an interesting consequence. Indeed, to numerically solve a Neumann control problem, piecewise constant or piecewise linear functions are typically taken to approximate the controls. In both cases, the maximal order of the error estimates is h or h 3/2 , respectively; see [2] . A consequence of our estimate is that we also have error estimates of order h or h 3/2 , depending on the type of approximation used for the controls, for a fully discretized control problem using piecewise linear approximation of the states on a polygonal domain. Order h 3/2 is also obtained if we follow the procedure suggested by Hinze in [6] , where no control discretization is considered; only the state and adjoint states are discretized.
For the Dirichlet control problem we prove in [1] that the order of the approximation is h. This is better than the estimate derived in [3] for the numerical discretization of the control problem for polygonal domains. Order h 1−1/p , with 2 < p < +∞, was proved in [3] . There p depends on the angles of Ω h and p ց 2 when the angles of Ω h approximate π; this is the case when h → 0. Therefore, order h 1/2 can be deduced from our result in [1] and the result of [3] for a full discretization of the control problem. However, in the linear-quadratic case a superconvergence result was recently obtained in [5] under some assumptions on the triangulation of Ω h . They obtained the order h 3/2 for the numerical approximation of Dirichlet control problems defined on curved domains, where no control discretization is considered. We believe that the order h 1/2 can be improved to order h without restrictive assumptions on the triangulation. The low convergence order proved in [3] is a consequence of the low regularity of the optimal control due to the lack of the regularity of the polygonal boundary. For a smooth domain Ω we have more regularity of the optimal controls which can lead to better error estimates. This was the case in [5] .
Though the analysis of the Dirichlet control problem follows the same steps given for the analysis of the Neumann case, the arguments are different, and it is not evident how to change the arguments; in fact, the results obtained are not the same for the Neumann and Dirichlet cases, respectively.
Finally, the non convex case is analysed.
